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(54) BIOCIDES 

~ (. 71 > „ We > IMPERIAL CHEMICAL INDUSTRIES LIMITED Imperial 
Chemical House, Millbank, London SW1P 3JF, a BritiS T Company do ^Sv 
declare the mvention, : for which we pray that a patent may be g£ ntS £ ^ano^e 
^t^l^nu- t0 »«* P^cula/y deSbed in Zt £ 

uu*Ik^Z^J?<^ Uld m ° re » "ioddal poly- 

po^c^^^g^™ b » having a ^ 



-X— NH— C—NH— C— NH— Y— NH— C— NH- 



-NH — 



NH 



^CH^L-*^/' 7rS\ ^ * ^ ° r diffcren1 ' "P**" btii eng groups 
X and Y^™7i?? , !' n T - respectlvel y: n ^ m having values from 3b ^or 
A and Y represent other bridging groups in which, taken together the total nnmh^ 

^aoL K cS saas jssj- compounds - ^ 

Modta" ^ beCD fOUnd ** ^ 0ther I"*™* brides are also effective 

X — BG — Y— BG — 
wherein BG represents the biguanide radical 



10 



15 



20 




NH— C— N— 
in which 

each R independently represents a hydrogen atom or a hydrocarbon ndUmU 

*C , r i p * MW " ■* - *- 2 SuMS or . 

V represents a divalent radical selected from 
(n) a radical of the formula 



25 



30 



-(CI ) - 
Vn 



in which n is an integer from 2 to 12: and 



* HB 



KH K 
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(iii) die phenylene-Z-phenylene- radical in which Z represents — S — , 
— SO — , — SOj — , — S — S — , — CH 2 — or — NH — , and wherein the phenylene 
groups may be substituted by halogen atoms, methyl groups or methoxyl groups, the 
total number of carbon atoms in X and Y directly interposed between the mo pairs 
of nitrogen atoms linked by X and Y respectively being at least 17, * 7< ; ; ' 

which comprises reacting a diamine having the formula RHN— Y— NHR with a 
bisdicyandiamide having die formula > * ^ -V U > > Ar • i 

NC— NH— C^NH— X— NH--<^NH T -CN .' j^.^ijr: 



NH 



wherein R, X and Y have the meanings defined above, ' 
10 or reacting a diamine having die formula RHN— Y — NHR or an inorganic salt 10 

thereof with a diamine salt of dicyanimide haying the formula 

+ + - 
[RHjN — X — NH,R] [N(CN)t]f, 

at least the initial part of the reaction being carried out in the presence of a hydroxylic 
liquid which is a solvent for the said reactants, R, X and Y having the meanings 

15 defined above, ^om>i r5 

or reacting a mixture of a diamine having the formula RHN— Y— NHR*nd a 
monoamine of the formula R 1 R S NH with the product obtained by reacting l ( mol 
proportion of dicyanimide or an equivalent amount of a metal salt thereof with 
approximately 0.5 mol proportion of a diamine of the formula RHN— X— NHR, 

20 wherein R, X and Y have the meanings defined above, R 1 represents a hydrogen atom 20 

or a substituted or unsubstituted aliphatic, cydbaliphatic, araliphatic or aromatic 
hydrocarbon radical containing from 1 to 18 carbon atoms and R s represents a 
substituted or unsubstituted aliphatic, cydoaliphatic, araliphatic or aromatic hydro- 
carbon radical containing from 1 to 18 carbon atoms. 

25 The preparation of polymeric biguanides by reaction of a diamine with a bis- 25 

dicyanodiamide is fully described in U.K. Specification No. 702,268 already referred 
to/ 

The preparation of polymeric biguanides by reaction of a diamine or an inorganic 
salt thereof with a diamine salt of dicyanimide, at least the initial part of the reaction 
30 being carried out in the presence of a hydroxylic liquid which is a solvent for the 30 

said reactants, is fully described in U.K. Specification No. 1,152,243. 

The preparation of polymeric biguanides by reaction of a mixture of a diamine 
and a monoamine with the product obtained by reacting 1 mol proportion of dicyan- 
imide or an equivalent amount of a metal salt thereof with approximately 0.5 mol 
35 proportion of the same or a different diamine is fully described in U.K. Specification 35 

No. 1,167,249. 

The radical Y may comprise saturated or unsaturated, homocyclic or hetero- 
cyclic nuclei, in which the number of carbon atoms directly interposed between the 
nitrogen atoms linked by Y is taken as including that segment of the cyclic group or 
40 groups which is the shortest 40 

Examples of polymeric biguanides within the scope of the present invention are 
given below, and are defined by the divalent radicals X and Y, X being hexamethylene 
in each case: — 

Polymer No. Y 
45 1. — (CH 2 ).NHCO(CH 2 )4CONH(CH 2 ) 6 — 45 

2* MBMraCH 2 CH z HB00ira 

KB — / 
H NH 

4 / \ 

5. — (CH 2 ) 6 — NHCOCONH— (CH 2 ) 6 — 
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in the form of an inonranic salt the^r , , T *™--Y— NHR is employed 
the i polyene 

which tend to have a consitferahle AM,™JAf™L rT..? 8 hydrochloride salts, 
Rhn-yInhr l^ffiXfiffi 

of J*e biguanide f «m ^iSS^^saTt ^^Sl^ ^ ^ 




solubility^ nonsiquebus solvehtsRcan .beTS?^ 7 'EF'JrT.* i stable anions* 
Samples of polymeriQ,bigSS SS : mS^i? 1 ^^^ ^ 



. ^Tlje jjolymericcbiguamto^tam^ 
Jon find, application as bactericides WriigtoS faS^ertS^S 1 ^ 
environments;' andvareuDarticulariv^i«.f»i^;« .Z^TiJ , ™ a «yy*n>tyiV>f; different 
crops, plan? ^Z^^S^u^f^^^^ ^8 
known and :esttblislied:fpr©c^^ ? f ^ well- 

example, the nolvtSS? L " agriculture and cwp ^protection : For 

persi^SufffeSSyS 

biguanide, any ■ aOiAium^SSSSJL^ 0 " 0 ^ r «tive polymeric 
active*^ 

solid substances SfolmuSSt^^ 

plants, seeds or soil, or to my ra il o7«!2£^ g T^- ? ^^^l» 6 *^' 
applying liquids orUlutiS f^exa^ 

soaJung techniques. ^ .w - : n * ™PP m & s P™Wg> nust blowing or 

f-^^^^o^^^ *?■ -ff"*? pSSeds, harvested 
bacSial SfeeasS, "i^T^.^oT^^,^? .^f*^* fungal or 

"mp^on^^ 

meric biguanide as SiaS^rS^S, ^^^ifS 1 ^ ^ 
The earner may be a solid or liquid Z cL^TufT^^ tb6 ^ ot ' 

u^for example water, the common may ak^atrfa^ 

Suitable diluents or carriers mav hp f n ,^ll.r l ? diluent or earner, 
dolomite, calcium carton^ Tlr_ ™ JhJJ P ' bentanite, kieselguhr, 

Hewitfrear^TatoS^ .wE 
for example, may comprise inTc^t a^i^^th. ■ P ^^ d ? ns for dressing seed, 
seed, for example a mSerafofl g ^ adhes,on of composition to the 

compr^gTK^^ PJ-*- or grains 

the P-Hf^^ - be used in 

suspending agents g agCn,S * dlspersin g emulsifying agents™ 

«J?ssa£ jetsams Ttg^sxs^ ?v f *■ — ^ 

quaternary ammonium compoS? &^^23£Z3£ mdude '- for exam P Ie 
Suitable agents of the anion£ *Pe'^^^^ . 
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esters or sulphuric acid, for example sodium lauryl sulphate, salts of sulphonated 
aromatic compounds, for example sodium dodecylbenzenesulphonate, sodium, calcium 
or ammonium lignosulphonate butyl-naphthalene sulphonate, and a mixture of the 
sodium salts of diisopropyl and triisopropylnaphthalene sulphonic acids. Suitable 
agents of the pon-ionic type include, for example, the condensation products of 
ethylene oxide Vyimifatty alcohols for example oleyl alcohol or cetyl alcohol, or with 
alky) phenols for example octylpbenol, nonylphenol and octylcresol. , 

Other non-kiuc agepts ire the partial esters derived from long chain fatty acids 
anoVjie^i«anhM products of the said partial testers with 

ethvlene £ pxi'd^*id tfaVjecifc (.Suitable suspending agents are,-for example hydro- 
pha^UoioSKeWinpl*; polyyinylpynolidone and sodium -carboxymethylceUulose, 
and^«S*ib^ . . ■ 

haJBA m-m^MvidaBa, dispersions or. emulsions may be prepared by dis- 
sol^WScSS^ 1 i "* uSc mAn ? t wmch >may contam one or more 
weS dffiramgw miiisirying agents. Suitable organic solvents are ethylene di- 

melbvln»Ph tWe nei'xylenes rand trichloroethylene. .< * »• ; . . . 
^SS^S3SSSSi.rm be;«sed as sprays may also be^in iheiorm of aerosols 
wbe^&ioSuIatioii^to «» the presence of a 

propellant forjiexampieifiuor^^ or mchloroduluoromethane.. . 

i*!^ Attffi ^improving the distribution, 

.th* .diftant compositions 

1 The compfisSiops may also te-omveniendy formulated by ad mixin g them with 
fertilizers. A jmefejrea\ composition , ofc ifo.-iljpe -conipiMM granules of fertilizer 
nittffl\iittonmiW biguanide obtained by the process of the present 

invent^' The feriti^: material may, for example, comprise nitrogen or phosphate- 
containing substanpc&^ij V m ' 

' •'• * : ^fc.r«frjwiity? >whidivflie.itD be used in the form of aqueous dispereions or 
emulsions are gen&itty ^Gtd in the form of a concentrate containing a high pro- 
VO^^M^^..^m^.^- concentrate to be diluted with water before 

^ tlie cbncenuates are often required to withstand storage for prolonged periods 
and after siich storage, to be capable of dilution with water in order to form aqueous 
preparations whi^ for a sufficient time to enable them to be 

applied by conviitipnal spray equipment 

conc^tes may conveniendy contain from 4—85% and generally from 
4—60°/ by weight ; of the active ingredient. A 20% aqueous solution is preferred. 
When diluted to form aqueous preparations, such preparations may contain varying 
amounts of the active ingredient depending upon the purpose of which they are to be 
used, but an aqueous, preparation containing between 0.001% and 10% by weight of 
active ingredient may generally be used for the control of micro-organisms by con- 
tacting the latter with the preparation. . . 

It is understood that the compositions of this invention may comprise, in addition 
to one or more polymeric substances according to the invention, one or more other 
substances having biological activity, for example fungicidal, bactericidal, or rnsecti- 

d ^T^^entipn is illustrated but not limited by the following Examples in which 
parts and percentages are by weight unless otherwise stated, and in which the ratio 
of parts by weight to parts by volume is that of the kilogram to the litre. 

Polymer numbers mentioned in the Examples correspond with the numbers 
allocated to individual polymers in the preceding table, and are included for ease of 
identification. 

Example 1. 
Preparation of a polymeric biguanide having 
X=— (CH 2 ) 6 — and Y— — (CH 2 ) 6 NHCOCONH(CH 2 ), — 
(Polymer No. 5) 

A mixture of N,N' - bis(6 - aminohexyl)oxamide (14.3 parts), concentrated 
hydrochloric acid (8.73 parts by volume), water (53 parts) and a solution of hexa- 
methylenediamine bis(dicyanimide) salt (12.5 parts) in water (29.2 parts) is stored 
and heated to remove the water. The temperature of the residue is raised to 140 C 
and maintained at this level for 2 hours. The product is cooled to about 100°C and 
water (120 parts) is added. After stirring the mixture at 90°C for 13 minutes a clear 
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10 



S£ZJ£^^ ° n C ° 0,ing yiC,dS 3 Wh *" te " aste ^ P^) having a 
biguaIide^S. rU,n ° f ^ PaStC Sh ° Wed 3 at 232 ™ characteristic of a 

2EK, H^ aSt ^^^«- 

strength) reduced the bacterial count from >3X 10' to < 10 ^ ca,cu,ated at H>0 / e 

Standard Test Method for the Determination of Bactericidal Activity 
A suspension of Escherichia coli is Dreoared from « £ £~ Activity 
agar culture. 1 ml of this suspension is addec I to 9 SHf w ™.}™&*** n >"rient 
10 ml of suspension coh^inS b,0cide "*«■«» to provide 

*«d^\^^iLZj^? 22 ° C <* 1,16 test --ture is trans- 

of salme solution (0 8°/ } bv mean.: nf ^ZhiL ^. r,es of 9 ™1 volumes 

nutrient agar. • * D y. mean * of which the surviving cells arc determined in 

Example 2. 

20 Y-— vrw * W a 5°t° f a Polymeric biguanide having 

X— (CH t ).- and y= CH^HCOtCH^CONH^H,).- 
~ ... (Polymer No. 1) v »>•••■ 

hexam^y^ Parts), 
added 22 parte by volume rf?^rSoric add slS *" S 
25 to concentrated hydrochloric acid (6 parts by volume W 0 S nL^™ 8 

of solution. The mixture is heated at7uVrTK g 25 parts by volume 
solution having a pHof 4 tc 7$ The Jm^t. r 1 S mi , nutes t0 * 

, JS^Adfta^S as : 

} over a period of 20 inimites and 72 parts of water ^ added 

21% by weight of the polymSrifbSan^' fdeXf* ^ s k ^ tion containing 
spectrum (peak at 232mmr 0, 8 uan,de > identified by its characteristic U.V. 

In an antibacterial test, conducted as described in Pv am „i- i „ .. 

usmg 200 Ppjn . of the above produce (iaEdS To^/^nJ^^u 
count was reduced from >3X10' to<10. ° stren 8*)« 1,16 bacterial 

Example 3. 
Preparation of a polymeric biguanide having 

x= — (CH s )e— and Y= - «ay 5 - / \ . <ch 2 ) 5 . 
(Polymer No. 3) 

f 12 12 6 n" a mV a ( nH i ' W - dihydro - 1,2,4,5 - tetrazine trihydrochloride 

water fBFLS? .£i\?" " .(^.^d'nojhexane (8.33 parts) are mixed with 
water (100 parte) and the mixture is heated at 100°C for 1 hour The water £ 
removed by distillation and the residue is heated at 145°C for 2 1 hours Tft^hd 
«« ~ to give a 20% solution. This ma'S glve'atj 
spectrum (peak at 232 mm) characteristic of biguanides. 

In an antibacterial test, conducted as described in EramnT* i u t- 

using 200 wun. of the above product (calcuSeTat To^S^^LSA 
count was reduced from > 3X10' to < 10 sirengtn;, the bactenal 

^i^^Jtl^lJ^^ - ^ - — -ihydro- 

partst ."sS latfSr^ k (21 ° 

Hydrogen chloride is evolved. After cooling, £ product U - Solved LVZ 
parts) and the solution is extracted with fnloroform ^XSOMS £ 
unreacted lactam. The water is removed from the *J£££^ , ££% 
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tetrazinc as an off-white solid (45.5 parts) (see U.S. Patent Specification No. 
3,629,249). 

Example 4. 
Preparation of a polymeric biguanide having 

/~\ ■> ' ' 
X=— (CH f ).— and Y= -<«Vn-° jf-fcVu- 



(Polymer No. 4) 



10 



15 



20 



25 



30 



35 



This preparation is carried out exactly as described in Example 3 [except that the 
12.12 parts of 3,6 - bis - (5' - aminopentyl) - 1,4 - dihjrdro - 1,2,4,5 - tetrazine 
trihydrochloride are replaced by 14.38 parts of 3,6 - bis - (11' ? aminoundecyl)- 
1,4 - dihydro - 1,2,4,5 - tetrazine trihydrochloride. The product obtained has similar 

activity against KcolL 4 « . * ± . , ■ . ..i V 

3,6 - Bis - (11' - aminoundecyl) - 1,4 - dihydro - 1,2,4,5 - tetrazine tnhydro- 
chloride is obtained by a similar method to that described for the preparation of .the 
corresponding S'-aminopentyl derivative in Example 3, the 22.6 parts of caprolactam 
being replaced by 39.4 parts of laurolactam. . 

Other polymeric biguanides which are disclosed herein or which come within 
the scope of the present invention are obtained by similar methods of preparation to 
those described in the foregoing Examples, using diamines appropriately selected to 
provide the desired structure in the resulting product. ( ... . ^ i; 

Example 5. • - 

Certain polymeric biguanides of the invention were tested againsra variety of 
foliar fungal diseases of plants. The technique employed is to spray the foliage of the 
undiseased plants with a solution of the test polymer and also to drench the sofl in 
which the plants are growing with another solution of the test polymer, 

AU solutions for spraying contained 0.02% of the test polymer. All the soil 
drench solutions also contained 0.02% of die test polymer. . 

The plants were then infected with the disease it was desired to control and 
after a period of days, depending upon the particular disease, the extent of ^ disease 
was visually assessed. The results are given below, in the form of a grading as 
follows:— 





Percentage Amount 


Grading 


of Disease 


0 


61 to 100 


1 


26 to 60 


2 


6 to 25 


3 


0 to 5 



40 



In the first Table below, the disease is given in the first column, whilst in die 
second column is given the time which elapsed between infecting the plants and 
assessing the amount of disease. The third column assigns to each disease a code letter, 
these code letters being used in the Second Table to identify the diseases. 



2 



2 



3 



3 



4 



TABLE 



Disease and Plant 


Time Interval 
(days) 


Disease Code Letter 
(Table No. 2) 


Plasmopara viticola 


7 


A 


(vine) 






Boirytis cinerea 


3 


B 


(broad bean) 
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TABLE (Continued) 





Disease Code Letter 


Polymer No. and 
^ate of Application . 


■ • A 


B . ■ • 




0 ' • 




;r . jit;.- 2;iV3rr s= V, Jrt-:io:--- 


0 

• - , - . , 1 , .. 
: ■ • •• ..^i.-t. 




- • it!* c , . . ... 


; • 2 - • 





In Jurtl^.b^ conducted.certam 
of the invention (Nos. 2 and 3) displayed m mYrp;.m&ba^ a 
number of 41 bact^^^ two polyme 

growth-stunting effects ippon the r plants used in the in vitro anti-bacterial tests. One 
polymer, No.. 4, di?plgyM plmt/tati-viral activity against the' disease potato vinis Y. 

In tests conducted against algae the polymeric biguanides numbered J, 2 and 3 
all displayed a high leyel of activity against algae. ■ 

WHAT WE Cti^iM IS;4r 

A process for the preparation of polymeric biguanides and salts thereof in which 
the recurring pojy^ 



_X— BG— Y— BG— 
wherein BG represents the biguanide radical 



R 



4 4 



R 
I 

-N— 



in which 

each R independendy represents a hydrogen atom or a hydrocarbon radical; 
X represents a polymethylene radical having from 2 to 12 carbon atoms or a 
radical the same as Y; 

Y represents a divalent radical selected from 

(i) symmetrical aliphatic, aromatic or aliphatic-aromatic radicals having one or 
two amide or urea linkages therein; 

(ii) a radical of die formula 



V — XI 



in which n is an integer from 2 to 12; and 

(iii) the phenylene-Z-pbenylene- radical in which Z represents — S— , —SO—, 
ui-* - ^7*7? ~~> — Cli " or — NH, and wherein the phenylene groups may be 
substituted by halogen atoms, methyl groups or methoxyl groups, the total number of 

wJSuT 8 m v Y . d "terposed between the two pairs of nitrogen atoms 
linked by X and Y respectively being at least 17, 

which comprises reacting a diamine having the formula RHN— Y — NHR with 
a bisdicyandiamide having die formula 



NH— NH — C— NH — X- 



-NH — CN 



10 



15 



20 



25 



30 



NH 



wherein R, X and Y have the meanings defined above, 
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or reacting a diamine having the formula RHN — Y — NHR or an inorganic salt 
of dicyanimide having the formula 

+ + 
r [RHjN — X — NH 2 R] [N(CN) 2 ] 2 , 

at least the initial part of the reaction being carried out in the presence of a hydroxylic 
5 liquid which is .a Solvent for die said reactants, R, X and Y having the meanings 5 

defined above, 

or r reacting a mixture of a diamine having the formula RHN — Y — NHR and a 
; monoamine of the! formula R l R*NH with' the product obtained by reacting 1 mol 
i proportion of dicyanimide or an equivalent amount of a metal salt thereof with 
10 t approximately 0.5 'mol proportion of a diamine of the formula RHN — X — NHR, 10 
| wherein R, X and Y have the meanings defined above, R 1 represents a hydrogen atom 
or a_suteti^ aliphatic, cycloaliphatic, araliphatic or aromatic 

hydrpcarfKm ia^^7^ntainuig from 1 to 18 carbon atoms and R* represents a sub- 
stitute^ or tii^ aromatic hydrocarbon 

15 ;radfc^^ I 5 

2- A prqS^s*for thPjprepaiatibti of polymeric biguanides substantially as herein- 
wfore dcscri^ toe ^of the foregoing Examples 1 to 4. 

•'./' 1 3. 7 Ifel^&M c lii&wmdiM : ;^ salte thereof whenever obtained by a process as 
claimed in rfaffi^ <$M2: 
20 4. A fungicidal or bactericidal composition comprising, as an active ingredient, 20 

a polymeric biguanide as claimed in claim 3, together with a carrier substance therefor. 

5. A composition as claimed in claim 4 wherein the active ingredient is mixed 
with asolid Hifienf bV^irrier. 

6. A composition as claimed in claim 5 wherein the solid diluent or carrier is 

25 kaolin, bentonite, kieselguhr, dolomite, calcium carbonate, talc, powdered magnesia, 25 

Fuller's earth, gypsum, Hewitt's earth, diatomaceous earth or China clay. 

7. A seed-dressing composition which comprises a composition as claimed in 
claim 5 or claim 6 and an agent assisting the adhesion of the composition to the seed. 

8. A seed-dressing composition as claimed in claim 7 wherein the agent assisting 

30 the adhesion of the composition to the seed in a mineral oil. 30 

9. A composition in the fonn of a dispersible powder or grains which comprises 
a composition as claimed in claim 5 or claim 6, and a wetting agent. 

10. A composition as claimed in claim 4 which comprises an aqueous or non- 
aqueous solution, dispersion or emulsion containing the active ingredient in the 

35 presence of one or more wetting agents, dispersing agents, emulsifying agents or 35 

suspending agents. 

11. An aerosol which comprises a polymeric biguanide or salt thereof claimed 
in claim 3 held in a container under pressure in the presence of a propelknt. 

12. An aerosol as claimed in claim 11 wherein the propellant is fluorotrichloro- 

40 methane or dichlorodifluoromethane. 40 

13. A fertiliser composition, comprising granules of fertiliser material incor- 
porating a polymeric biguanide or salt thereof claimed in Claim 3. 

14. An aqueous concentrate of a polymeric biguanide claimed in claim 3 con- 
taining from 4 to 85% by weight of the active ingredient. 

45 15. An aqueous concentrate as claimed in claim 14 which contains from 4 to 60% 45 

by weight of the active ingredient 

16. A 20% by weight aqueous solution of a polymeric biguanide or salt thereof 
claimed in claim 3. 

17. A method for the control of micro-organisms which comprises contacting the 

W micro-organisms with an aqueous preparation of a polymeric biguanide or salt thereof 50 

daimed in claim 3, the preparation containing between 0.001% and 10% by weight 
of active ingredient. 

P. F. CLARK, 
Agent for the Applicants. 
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